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INSPECTION DEVICE USING A FIELD
MODE VIDEO CAMERA WITH
INTERPOLATION TO REPLACE MISSING
PIXELS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1nvention relates generally to video 1nspec-
tion devices to determine print quality and more specifically
to a color video inspection device for determining print
quality on web presses utilizing a field mode CCD camera.

2. Discussion of the Background

Well-known web printers are used to apply printing to a
substrate which 1s provided on a roll. The substrate 1is
removed from one roll, the printing applied and the printed
substrate 1s then placed on another roll. The printed rolls are
then sent directly to the customer. The printing process 1s
relative fast, so it 1s not possible to visually inspect the print
while the press 1s operating. In the past, the print was
checked at the end of the roll for quality control. However
this does not indicate whether the print quality 1s correct in
the middle of the roll. To compensate for any misprints in the
middle of the roll, most printers print an additional 20 to
50% of the product above what the customer orders.

It would be preferable to perform on line inspection to
ascertain the quality of the product during the printing so
that 1t would not be necessary to print additional items.
Moreover, since most presses now run at speeds about 350
feet per minute, the operator cannot determine print quality
with the naked eye.

One mechanism for performing real time inspection 1s to
use a hand held strobe light which can freeze the motion of
the web. This allows for some rudimentary inspection, but
has some drawbacks. The color of the strobe light can
influence the perceived color of the print. Also, holding the
strobe close to the web can be awkward and dangerous.
However, the hand held strobes are relatively inexpensive
and for a slightly higher cost, can be mounted directly to the
press and thus cover large areas for inspection.

Another on line inspection process includes the use of a
rotating drum of mirrors to reflect an 1mage of the web onto
an eye piece. To view different parts of the web, the eye
piece 1s moved. To change the position along the web the
drum timing has to be changed. While very good color
reproduction 1s obtained and magnification 1s possible
through the use of the eye piece, there are also disadvan-
tages. The size of the unit requires the reconfiguration of the
press. Also, 1t requires considerable time and effort to view
different parts of the web.

A preferred method 1s to use video 1nspection of the web.
Color frame mode CCD cameras are used to view the web
virtually 1n real time. These cameras are placed near the end
of the printing process. High intensity very fast zenon strobe
lamps can be used to i1lluminate and freeze motion. CCTV
zoom lenses with close-up adapters can provide magnifica-
fion ranges from 2x to 30x. The analog video from the
camera can be digitized and stored 1n memory so that it can
be scanned and reverted back to analog video for display on

a cathode ray tube (CRT).

The 1mage on the CRT can be held under operator control.
The picture can be updated as desired, for example every
half second. Since the camera controls and the CRT can be
placed anywhere, remote viewing and control i1s available.
Thus, the operator can view the web at a point where they
perform other tasks. It 1s also possible to have more than one
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CRT to allow all the operators to monitor print quality from
any point. Zoom lenses on the camera provide both a large
overview and a close-up possibility. Since the print can be
magnified, the operators can monitor and set the color
register. I desired, a motorized system can be automatically
controlled to scan the entire area repeatedly.

While this type of system 1s clearly preferable to the
previous devices, there remains the difficulty of the cost of
the system. Considering, for example, the CRT, 1t 1s neces-
sary to use computer monitors rather than standard TV
monitors because the 1nterlaced picture introduces flickering
in the image. Computer monitors have a non-interlaced
picture and excellent color reproduction.

For the camera system, frame mode CCD cameras have
been the only cameras uftilized. These cameras work in
conjunction with strobe lights 1n order to freeze the motion
of the web. Frame mode cameras require light integration
only once for both the odd and even fields. This differs from
field mode cameras which require light integration once for
the odd field and a second time for the even field. Since the
strobe lamp 1lluminates the web for only 5 microseconds, the
field mode camera would only read out one 1lluminated field
while the other field would be dark. Since the dark field
causes alternate horizontal lines to be black, it 1s unaccept-
able. Accordingly, frame mode cameras have been utilized
so that both the fields are i1lluminated.

Such systems also use zoom lens on the cameras and
frame grabbers. The 1nterlaced analog video from the cam-
era 1s digitized 1n 16 bit or 24 bit format and stored in RAM.
The memory can then be read out 1n a non-interlaced VGA.

In addition to the disadvantage of cost of these systems,
costs are rising further because frame mode CCD color
cameras are specifically increasing in cost. The market has
been taken over by field mode cameras which have a higher
resolution. Accordingly, the lower demand of frame mode
cameras 1s causing their cost to rise. Also, the frame mode
cameras are generally large and utilize either half inch or
two-thirds inch format CCDS. These large CCDs require
large zoom lenses so that the camera box length is larger,
which makes it more difficult to install on the presses.

SUMMARY OF THE INVENTION

Accordingly, one object of this mvention 1s to provide a
web 1mspection device which 1s less expensive to produce.

Another object of this invention is to provide an improved
web 1spection device which 1s inexpensive and of reduced
S1Z€.

A further object of this invention 1s to provide a web
inspection device which utilizes a field mode camera.

A still further object of this invention 1s to provide a color
video web inspection device with interpolation of pixels.

A still further object of this invention 1s to provide a web
inspection device with a field mode CCD camera where the
image 1s expanded and data 1s interpolated.

Briefly these and other objects of the invention are
achieved by providing a field mode CCD camera with a
small diameter diopter and a frame grabber which converts
only alternate pixels into digital information. After storing,
the 1mage 1s expanded by a factor of two and interpolation
1s performed both horizontally and vertically. The resulting
image 15 comparable to that obtained from a frame mode
camera.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention and many
of the attendant advantages throughout will be readily
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obtained as the same becomes better understood by refer-
ence to the following detailed description and considered 1n
connection with the accompanying drawings wherein:

FIG. 1 1s a block diagram showing the overall arrange-
ment of the inspection device according to the present
mvention;

FIG. 2 1s a block diagram showing the organization of the
frame grabber shown 1 FIG. 1;

FIG. 3 1s a flow chart showing the operation of the
invention shown i FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Various other objects, features and attendant advantages
of the present invention will be more fully appreciated as the
same becomes better understood from the following detailed
description when considered in connection with the accom-
panying drawings 1n which like reference characters desig-
nate like or corresponding parts throughout the several
views and wherein FIG. 1 shows the overall arrangement of
the 1mspection device. The printed web 10 1s moving from
top to bottom as indicated by the arrow and 1s being rolled
up by a roller (not seen). Prior to reaching this point, the web
is unwound from another roller (not seen) and the printing
apparatus forms color images on the substrate.

The camera box 12 containing the camera and related
cquipment 1s placed 1n the position so as to clearly view the
web. The camera box may be fixedly mounted on the press
equipment, or may be mounted on a motorized carrier (not
shown) so that it may be scanned across the web. The
camera box includes a field mode CCD camera 14 having a
zoom lens 16. The zoom lens has an acromatic diopter lens
17 mounted therein to provide for closeup viewing without
color distortion. The box also contains a strobe lamp 18
which shines light on the web so as to make the web appear
to stop 1 the camera view. The zoom lens and strobe lamp
are controlled from a remote position where the operator
sits. However, a control panel may also be placed on the
camera box 12, if desired, so that 1t can be controlled from
nearby.

An electronics housing 20 1s provided remote from the
camera and near the position of the operator for controlling
the camera equipment and for processing the signals there-
from. The electronics housing 20 includes a controller 22
and a frame grabber 24. The controller 22 receives the video
signal from the camera 14 and processes the signal as
necessary. The controller also provides controls to the zoom
lens and strobe lamp as desired by the operator. The operator
may 1nput control signals through panel 28 which 1s then
received by controller 22 and directed to the appropriate
unit. The controller may adjust the zoom lens and turn on the
camera and strobe lamp. The controller sends the processed
video signal to the frame grabber 24. The controller also
provides a control signal to the frame grabber to control its
operation.

The frame grabber 24 receives the video signal, converts
it into a digital signal and stores 1t until needed. The digital
signal 1s then further processed before being converted back
to an analog signal which 1s sent to monitor 26 as desired by
the operator. The monitor 26 and panel 28 are 1n close
proximity so that the operator can both view the monitor and
control the mput thereto.

FIG. 2 shows the basic layout of the frame grabber 24.
The video input from the controller 22 1s received by analog
to digital converter 40 which converts the signal to a digital
format. The scale down unit 42 places alternate pixels of the
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4

signal 1n storage in buifer 44. Thus the number of pixels 1n
the 1image 1s reduced although the aspect ratio of the original
image 1s retained. That 1s, since alternate vertical lines could
not be used, alternate horizontal pixels are removed so that
the shape of the picture remains the same. When the image
1s needed, 1t 1s processed through scale up unit 46 which
enlarges the image by a factor of 2 and interpolates the pixels
both horizontally and vertically so as to produce a final
image. By enlarging the image by a factor of 2 1n both
directions, the aspect ratio of the picture is retained.

The preferred form of interpolation i1s a linear type of
pixel replicator. The input stream of bits 1s fed through a
DDA block and then sent to a four-tap filter. This filter is the
actual engine that produces the interpolation bits. In the
horizontal direction, the missing bits are replaced by a
simple average of the bits to either side. In the vertical
direction, each bit 1s formed by the average of the bits above
and below it. Thus this interpolation procedure actually
forms average values for the missing bits rather than merely
copying the previous pixel or line 1 order to give a more
accurate 1mage. Other types of mterpolation may be used as
long as they are fast enough to produce pictures at the
desired rate. This signal 1s then converted to analog form in
converter 48 and sent to monitor 26 for display. Control
signals are also provided by the controller 22 to a micro-
controller 50 which controls the operation of the frame
orabber.

In particular, the microcontroller controls the operation of
the buffer, not only 1n terms of the timing of storing the
image and reading it out, but also in terms of imaging the
display as desired within the screen. The microcontroller
could also control other functions such as producing addi-
tional text to be displayed on monitor 26. The microcon-
troller may also store the necessary variables for powering
up the umnit.

FIG. 3 shows the basic steps of the method for inspecting
the web. In step 60, the strobe lamp 1s i1lluminated for 5
microseconds under the control of controller 22. In step 62,
light reflected from the web 1s focused on the camera 14
using the zoom lens 16 and diopter 17. In step 64, the camera
outputs one field of analog video signal which is received in
controller 22. In step 66, the frame grabber receives the
video signal from the controller and converts every other
pixel into digital information. In step 68, the digital infor-
mation 1s then stored 1n bufier 44. In step 70, when the image
1s read, the 1mage 1s enlarged by a factor of two 1n unit 46
and interpolation i1s performed both horizontally and verti-
cally. In step 72, this signal 1s then converted to an analog
signal 1n converter 48 and sent to monitor 26 for display in
step 74.

In operation, i1t should especially be noted that the camera
utilized 1s a field mode camera which outputs a single
illuminated field rather than the traditional frame mode
camera which outputs two fields. Traditionally, a field mode
camera could not be utilized since the missing field caused
black lines and other distortions in the display. By enlarging
the stored 1mage by a factor of two and then performing both
horizontal and vertical interpolation, the 1image formed 1is
considerably better than previously obtained by field mode
cameras.

Furthermore, by using a field mode camera, rather than
the more expensive frame mode camera, the cost of the
overall system 1s reduced considerably. In addition, 1t is
possible to utilize a smaller and cheaper lens assembly for
this type of camera. The resultant camera box 12 1s consid-
erably smaller than that utilized 1n previous systems due to
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the smaller size of the camera and lens equipment. This
makes the device easier to mount and control 1n operation.
At the same time, the 1mage obtained 1s virtually as good as
in the frame camera systems.

It 1s also possible to use other types of 1mage processing,
rather than the “enlarge by a factor of two and interpolation”
described above. It could also be possible to merely display
one flield and eliminate the other field. However, this will
distort the shape of the image since it shortens the display in
the vertical direction by a factor of two. It 1s also possible to
display one field normally and display the other field with
the received black line. For some purposes, this display is
sufficient although not as good as that described above.

It 1s also possible to utilize one field and copy the missing,
lines from the other field from the first field. While this
covers up the black line, there 1s no interpolation so that
diagonal lines show a staircase shape.

It would also be possible to utilize alternate pixels 1n one
field as described 1n the preferred system and then copy the
pixels horizontally and vertically without scaling up by a
factor of two. This also produces an 1mage which 1s accept-
able but not as good as the preferred system, which uses true
interpolation rather than merely copying.

The frame grabber has been described as receiving a YC
video mput and producing a VGA output to monitor 26.
However, other types of signals can be utilized such as RGB
signals. The device 1s also usable with systems utilized in
other countries such as the PAL system. Also, when the
video signal 1s digitized 1n converter 40, the digital bit
stream form may be 1n the YUV422 format.

The microcontroller 50 may also control the location of
the video frame 1n the VGA raster according to whether the
data received 1s from an odd or even field of video. The odd
field will start at the first active line of the raster while an
even field will start at the second active line of the raster.
This corrects for the spatial offset of the video fields.
Without this correction, an even field would appear offset by
one line from an odd field.

The microcontroller S0 may also be utilized to initialize
the on board registers 1in a default state 1n order to obtain a
display on the screen. The default register values can be
stored in an [°C EEPROM (not shown) in the frame grabber.
The microcontroller can generate transfer signals to control-
ler 22 to indicate the need for the next image. This interac-
tion between the microcontroller 50 and controller 22
enables the main controller 22 to modify the behavior of the
board so that registers and memories can be written to start
or stop the 1mage grab, to enable or disable scaling, define
a split screen pattern, change the display font, define the text
font, etc.

The microcontroller also manages the acquisition of the
image being grabbed. The image may be partially enabled so
that only one part of the frame buffer 1s utilized. A tile effect
may be accomplished by scaling down the 1mage and
changing the grab start address between two consecutive
Images.
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The microcontroller also refreshes the memory.

Although a single buifer has been shown, 1t 1s also
possible to have multiple buffers with one buflfer being used
to store a reference 1mage. That 1mage can then be copied to
the live frame buffer when desired. A mask bit plane can be
loaded into a buifer to define the split screen pattern desired.

Obviously, numerous modifications and variations of the
present invention are possible in light of the above teach-
ings. It 1s therefore to be understood that within the scope of
the appended claims, the invention may be practiced other-
wise than as specifically described herein.

What 1s claimed as new and desired to be secured by
Letters Patent of the United States 1s:

1. A device for inspecting printing on a web, comprising:

a strobe lamp for 1llumimating said web;

a field mode video camera producing a video 1image of
said web with two fields, and generating an output of a
single field;

a frame grabber receiving said output, storing alternate
pixels of said output and reproducing said image by
enlarging the stored pixels and interpolating both hori-
zontally and vertically to replace a field of said video
image which 1s not included 1n said output and alternate
pixels which are not stored and to produce a reproduced
image; and

monitor means for displaying said reproduced image.

2. The device according to claim 1, further comprising a
zoom lens on said camera.

3. The device according to claim 2, further comprising a
control panel for controlling the operation of said camera,
sald zoom lens and said strobe lamp, said control panel
being mounted near said monitor.

4. The device according to claim 2, further comprising an
acromatic diopter mounted on said zoom lens.

5. The device according to claim 1, wherein said frame
ograbber stores said 1mage 1n a bulifer.

6. The device according to claim 5, wherein said frame
ograbber further comprises an analog to digital converter.

7. The device according to claim 5, wherein said frame
ograbber further comprises a digital to analog converter.

8. The device according to claim 1, wherein said frame
orabber interpolates horizontally and vertically using a for-
ward linear predictor.

9. A device for inspecting printing on a web, comprising:

a strobe lamp for 1lluminating said web;

a field mode video camera producing a video 1image of
said web with two fields, and generating an output of a
single field;

a frame grabber receiving said output, storing pixels of
said output and reproducing said 1mage by enlarging
the stored pixels and interpolating vertically to replace
a field of said video 1image which is not included 1n said
output and to produce a reproduced 1image; and

monitor means for displaying said reproduced image.
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